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Course No. 496DC 


STATISTICAL METHODS IN 
DISCRETE EVENT SIMIILATIDN 

November 4-6, 1981 


WHO SHOULD ATTEND 

This course is designed for systems analysts, statisti¬ 
cians, engineers, and others who use simulation tech¬ 
niques in their work or who manage projects that use 
simulation. 


COURSE OBJECTIVES 

Upon completion of t his course, participa nts should be 
able to: 

• apply an output analysis technique that best fits the 
simulation problem at hand 

• determine whether the output is sufficiently accurate 
for intended needs 

• correct inaccuracies 

• plan simulation runs beforehand 

• select the best among several simulated systems 

• use techniques that give a specified accuracy at reduced 
cost 

• sample efficiently from diverse distributions 


DESCRIPTION 

The course describes statistical methods that produce 
timely and enlightening output analyses in a discrete 
event simulaton. Each method is illustrated with an ex¬ 
ample. For one exceptionally useful technique called the 
regenerative method, parallel examples of the same prob¬ 
lem are presented in SIMSCRIPT II, GPSS, SIMPL/1, 
and SIMULA. 

The methods of output analysis include the regenera¬ 
tive, batch means, autoregressive, and spectrum tech- 

of the simulation model in a way that allows the use of 
elementary statistical techniques for output analysis. The 
batch means, autoregressive, and spectrum methods ap¬ 
ply when this structural exploitation is not possible. 

The course also describes stopping rules for obtaining 
results with a specified accuracy; variance reduction 
techniques to gain statistical efficiency; rules for reducing 
the effect of initial conditions; experimental design to 
analyze the changes in output behavior due to changes in 
several inputs simultaneously; ranking and selection pro¬ 
cedures aimed at finding the best among several systems; 
contemporary concepts in random number generation; 
and sampling from distributions on a computer. 


PREREQUISITE 

Knowledge of probability theory and intermediate statistical 
inference. Experience with discrete event simulation would be 
helpful, but is not essential. 


OUTLINE 

• Structural Output Analysis I 

Bookkeeping, data collection and analysis, point and inter¬ 
val estimates, interpreting sample results, sequential estima¬ 
tion, verifying assumptions, variance reduction 

• Structural Output Analysis II 

Exponential occupancy times, selecting a demarcating 
state, non-exponential times, testing for approximate 
regeneration, variance reduction 

• Non-structural Output Analysis 

Ba tch means , autoregressive and spectr um methods, veri- 
fying assumptions 

• Analysis of Experiments 

Factorial experiments, simultaneous interval estimates, 
comparison of experiments, choosing among alternative 
systems 

• Other Types of Simulations 

Discrete-continuous, fixed time advance and non-station- 
ary models 

• Sampling 

Random number generation methods, theoretical and em¬ 
pirical evaluation, efficient sampling from diverse distribu¬ 
tions on a computer 


INSTRUCTOR 

George S. Fishman is a well-known authority on discrete event 
simulation and is Professor of Operations Research and 
Systems Analysis at the University of North Carolina at 
Chapel Hill. He has worked in the area of discrete event 
simulation for over 15 years and is best known for his 
development of many statistical methods for analyzing 
simulation output. Dr. Fishman has lectured extensively on 
all aspects of simulation and has consulted with government 
and private industry on the modeling, programming, and 
statistical analysis of many diverse simulations. His book, 
Principles of Discrete Event Simulation , published by Wiley 
In 1978, presents an uplo-date account of the myriad tech~ 
niques that have been found useful in simulation work. It is 
considerably different in concept and scope from his earlier 
book, Concepts and Methods in Discrete Event Simulation , 
published by Wiley in 1973, which has long been one of the 
best-selling textbooks in discrete event simulation. Professor 
Fishman is the simulation department editor for Management 
Science. 


TEXT 

Participants will receive a copy of Principles of Discrete Event 
Simulation and a set of notes which contains copies of the lec¬ 
turer’s viewgraphs. 


FEE 


The fee for this course is $575. This includes text, lecture 
notes, and supplies. Make checks and purchase orders payable 
to GWU, Continuing Engineering Education. Participants may 
delay payment until arrival. 
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Course No. 744DC 


BAYESIAN STATISTICS FOR ENGINEERS 
AND SCIENTISTS 

November 9-13, 1981 


COURSE OBJECTIVE 

To provide participants with a coverage of Bayesian 
ideas and techniques for solving a wide variety of indus¬ 
trial, scientific, and engineering problems. 


WHO SHOULD ATTEND 

Engineers, scientists (physical and biological), opera¬ 
tions research analysts, and decision makers who wish to 
IBe statistical meftfods' fdf^so!virig ~prdblems, and who 
want to be introduced formally to, or learn more about, 
the Bayesian approach to problem solving. 


DESCRIPTION 

The Bayesian approach for solving practical statistical 
and other decision-making problems is becoming more 
and more popular with engineers and scientists in govern¬ 
ment and industry. It is well known that Bayesian infer¬ 
ence is unified, logically coherent, and thus easy to 
understand. It is relevant and realistic because it demands 
of the user a good understanding and intimate knowledge 
of an actual physical problem. 

In this course, an outline of the relevant theory and 
principles underlying Bayesian thought is presented and 
illustrated by practical examples from various situations. 
Practical applications are emphasized. 


PREREQUISITE 

A degree in science or engineering and an introductory course 
in probability and/or statistics would be helpful. 


OUTLINE 

• Introduction to the calculus of probability and probability 
manipulations. 

• The Bayesian method: description of uncertainty through 
probability; scoring rules. 

• Connections with sample theory procedures; the unsatisfac¬ 
tory nature of sample theory notions such as confidence 
limits, significance levels, tests of hypotheses, etc. 

• Illustration of a worked example from reliability and life test¬ 
ing using the exponential and the Weibull distributions. 

• The likelihood principle; illustration via the binomial and 
other members of the exponential family. 

• Decision making and the principle of maximizing expected 
utilities, with practical applications to insurance and engineer¬ 
ing economics. 

• Notion of exchangeability and its applications. 


• Subjective assessment of probabilities and utilities; scoring 
rules for probabilities; prior information and its combination. 

• The Kalman Filter and its applications to analysis of variance, 
ridge regression, time series analysis, and forecasting. 

• Shrinkage estimators. 

• Computer programs and packages for Bayesian statistics. 

• Throughout the course, applications from engineering, sci¬ 
ence, and other fields will be presented and discussed depend¬ 
ing upon the interest of the participants and the availability of 
time. Examples of these are: dose response experiments, sen¬ 
sitivity testing, accelerated life testing, quality control, sys¬ 
tems and software reliability analyses, and hydrological 
applications. 


INSTRUCTORS 

Richard E. Barlow, Professor of Operations Research and Sta¬ 
tistics, University of California, Berkeley. Dr. Barlow is a 
Fellow of the Institute of Mathematical Statistics and of the 
American Statistical Association, and an elected member of 
the International Statistical Institute. He is co-author of 
Mathematical Theory of Reliability and Statistical Inference 
Under Order Restrictions , and co-editor of Reliability and 
Fault Tree Analysis . 

Dennis V. Lindley is recognized internationally as one of the 
foremost proponents of Bayesian thought. He was educated 
at Cambridge University, England, and was a member of the 
faculty there during the period 1948-1960. He was head of the 
Departments of Statistics, Aberystwyth, 1960-1967, and Uni¬ 
versity College, London, 1967-1977. He has held visiting 
appointments at Harvard and Stanford Universities; the Uni¬ 
versities of Chicago, Rome, Iowa, California (Berkeley), 
and Wisconsin; and Christchurch College. His publications 
include Introduction to Probability and Statistics from a 
Bayesian Viewpoint, Bayesian Statistics: A Review , and 
Making Decisions . 

Nozer D. Singpurwalla, Professor of Operations Research and 
Research Professor of Statistics at George Washington Uni¬ 
versity: Dr. Singpurwalla’is a Fellow’ of the AmericTan Statisti¬ 
cal Association and an elected member of the International 
Statistical Institute. He is a co-author of Methods for Statisti¬ 
cal Analysis of Reliability and Life Data and co-editor of 
Reliability and Fault Tree Analysis . 


TEXT 

Making Decisions by D.V. Lindley, John Wiley & Sons Ltd., 
1971. 


FEE 


The fee for this course is $745. This includes text, lecture 
notes, and supplies. Make checks and purchase orders payable 
to GWU Continuing Engineering Education. Participants may 
delay payment until arrival. 
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Course No. 5DC 


MISTICAL METHODS IN RELIABILITY 

December 14-18, 1981 


WHO SHOULD ATTEND 

Those engineers, statisticians, and other scientists in¬ 
terested in applying the latest developments in reliability 
theory and techniques to the solution of reliability and 
system safety problems. 


DESCRIPTION 

This course presents the basic techniques of statistical 
reliability and then covers the applications of some recent 
developments in reliability theory, such as total time on 
test processes, time series analysis of failure data, failure 
data an alysis, acce lerated life testing, failure rate estima¬ 
tion, network‘reliability, redundancy, optimization, and 
graphical and computer techniques for failure data 
analysis. 

A session has been scheduled for class discussion of 
selected, real-life problems proposed by the participants. 
The discussion will define these problems and direct par¬ 
ticipants along the most promising avenues of resolution. 
Participants who have problems to be considered for 
discussion at this session should submit a typewritten 
copy on the first day of the course. 


PREREQUISITE 

Completion of a basic course in probability and statistics or a 
sound working knowledge of these subjects. 


OUTLINE 


ing and system design. Algorithms for the solution of problems 
with extensions and generalizations of the basic model. Ex¬ 
amples. 

Recent Graphical and Computer Techniques 
for Failure Data Analysis 

Total time on test processes and total time on test plots with ap¬ 
plications to selected equipment failure data. Properties and ad¬ 
vantages of total time on test plots, and computer program 
packages for reliability evaluation. 

Maintenance Policies and 
Their Optimization 

Survey of renewal theory with emphasis on results applicable in 
maintenance. Operating characteristics and comparison of age 
and block replacement policies. Applications in which one 
policy is preferable to the other. Stochastic properties of a 
device undergoing alternating failure'and repair. dptTrmzatidrT 
of age, block and replacement with minimal repair policies. 
Availability of components and of coherent systems. Mainte¬ 
nance through both spares and repairs. 

Bayes Methods in Reliability 

Bayes philosophy, comparison of Bayes methods to classical 
methods, prior and posterior distribution. Bayes estimates of 
reliability and the MTBF. 

Recent Developments in the 
Applications of Reliability 

Time series analysis methods for forecasting failure rates and 
tracking reliability growth. Topics in accelerated life testing and 
failure rate estimation. 

Participant Problem Consulting 
and Discussion Session 

Discussion of selected real-life problems presented by the par¬ 
ticipants. Staff and participants will attempt to define the prob¬ 
lems and explore the most promising avenues of solution. 


Statistical Failure Models 

Introduction to statistical methods in reliability, availability, 
and maintainability; definitions, techniques, and applications. 
Deviation of the exponential, gamma, Weibull, extreme value, 
and lognormal distribution based on component failure consid¬ 
erations. Models for competing risks and failures due to fatigue 
Multivariate distributions for dependent components. 

Statistical Analysis of Failure Data 

Life tests based on exponential, Weibull, gamma, and extreme 
value distribution. Confidence limits on the mean time to failure 
and the reliability function. Graphic methods of fitting failure 
distributions, and goodness-of-fit test procedures. 

Monotone Failure Rate in Reliability 

Notion of increasing and decreasing failure rate and its implica¬ 
tions in reliability problems. Properties of distributions with 
monotime failure rates, emphasizing some results about the mix¬ 
ture of distributions having non-increasing failure rates. Case 
history illustrating the application of these concepts. 

Theory of Coherent Structures 
and Network Reliability 

Definitions of coherent structures, event trees, and fault trees. 
Min paths and min cuts, bounds on the reliability function. 
Notion of association and its application for the analysis of de¬ 
pendent failures. Applications. 

Redundancy Optimization 

Redundancy optimization with applications in spares provision¬ 


INSTRUCTORS 


Richard E. Barlow, see biography with Course No. 744. 

Frank Proschan, Professor of Statistics, Florida State Univer¬ 
sity. Dr. Proschan is a Fellow of the Institute of Mathematical 


'-the Ameiii 


elected member of the International Statistical Institute. He 
has published over 100 papers in various mathematics and sta¬ 
tistics journals. He is co-author of Mathematical Theory of 
Reliability and of Statistical Theory of Reliability and Life 
Testing and co-editor of Reliability and Biometry. 

Nozer D. Singpurwala, see biography with Course No. 744. 


TEXTS 

Statistical Theory of Reliability and Life Testing by Barlow 
and Proschan. 

Methods for Statistical Analysis of Reliability and Life Data 
by Mann, Schafer, and Singpurwalla. 


FEE 


The fee for this course is $745. This includes texts, lecture 
notes, and supplies. Make checks and purchase orders payable 
to GWU, Continuing Engineering Education. Participants may 
delay payment until arrival. 
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Course No. 558DC 


ANALYSIS OF VARIANCE FOR DATA 
HAVING CNEUIAL NUMBERS OF 
OBSERVATIONS IN THE SUBCLASSES 

December 14-16, 1981 


WHO S HOU LD ATTEND 

This course is designed for engineers, statisticians, and 
scientists engaged in using analysis of variance techniques 
on data that have unequal numbers of observations in the 
subclasses. This includes not only data from designed ex¬ 
periments in which some experimental units have failed, 
but also data wherein there are unequal numbers of 
observations in the subclasses. The objective of the 
course is to describe and illustrate analysis of variance 
techniques suitable for such data. 


DESCRIPTION 

The course starts with a quick survey of the analysis of 
variance of equal-subclass-numbers data in the com¬ 
pletely randomized design, the two-way hierarchical de¬ 
sign, and the randomized complete block design. It then 
proceeds to comparable analyses when there are unequal 
numbers of observations in the subclasses, including 
some empty subclasses. Considerable time is spent on the 
two-way layout, rows and columns (analogous to ran¬ 
domized complete blocks), detailed discussions of esti¬ 
mable functions, tests of hypotheses, sum of squares, in¬ 
teractions, and the different models that can be used. 
This includes description of the variety of sums of 
squares given as output by different statistical computing 
packages. Annotated output from several packages, such 
as SAS, GENSTAT, BMDP, and SPSS will be presented 
and discussed in detail. 

At the conclusion of the course, participants should be 
able to approach their own work in the analysis of vari¬ 
ance oi unequal-subciass-numbers data with a greater 
understanding of the various methods and calculations 
available, and of the different information available as 
output from several computer packages. 


PREREQUISITE 

A basic understanding of analysis of variance and least 
squares equations in straightforward experimental designs. A 
knowledge of matrix algebra, to the point of understanding 
equations X’Xb = X’y and solution b = (X’X) - h(’y, would 
be helpful but is not essential. 


OUTUNE 

• Balanced data (equal subclass numbers) and unbalanced data 
(unequal subclass number); designed experiments and survey- 
style data. 

• Review of analysis of balanced data (designed experiments): 
the 1-way classification (completely randomized design), the 
2-way classification (randomized complete blocks), and the 
2-way nested (hierarchical) classification. 

• Summary of basic least squares results pertiqpht to analysis of 
variance. 

• The R-notation for reductions in sums of squares. 

• The 1-way classification with unbalanced data. 

• The 2-way nested classification with unbalanced data. 

• The 2-way crossed classification (with and without inter¬ 
action) with unbalanced data. 

• Hypothesis tests, estimable functions, restricted models, sums 
of squares, and applied topics will be described in detail for 
each of the 1-way and 2-way classifications. 

• Extensions to 3-way and higher-order classifications. 

• Computer output from SAS, GENSTAT, BMDP, and SPSS 
programs will be explained and illustrated. Participants will 
receive copies of output from these programs annotated by 
the instructor, describing the output in terms of the material 
presented in this course. 


INSTRUCTOR 

Shayle R. Searle is Professor of Biological Statistics at Cornell 
University. He is a Fellow of the American Statistical Asso¬ 
ciation and an elected member of the International Statistical 
Institute. 

His specialty in statistics is the analysis of variance for data 
having unequal numbers of observations in the subclasses, 
this being the main theme of his text Linear Models. His over 
70 research papers have appeared in a variety of scientific 
journals including the Annals of Mathematical Statistics and 
Biometrics; he is a former Associate Editor of Biometrics. 

T E XT 

Linear Models by S.R. Searle. 

FEE 

The fee for this course is $575. This includes text, lecture 
notes, and supplies. Make checks and purchase orders payable 
to GWU, Continuing Engineering Education. 
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